Abstract: Two kinds of silanediol, 1-(triphenylmethyl)-1,1-dihydroxytrimthyldisiloxane (2a) and 1,2-bis(triphenylmethyl)-1,1,3,3-tetrahydroxydisiloxane (2b), were recrystallized from saturated acetone and diethyl ether solutions as single crystals suitable for X-ray crystallographic determination. In their single-crystal X-ray structures, the molecules of 2a and 2b crystallize in triclinic [a = 9.204 Å (α= 87.10 (5) (4))° in a unit cell] space groups, respectively. X-ray single-crystal diffraction studies showed that the molecules of silanepolyols 2a and 2b in the solid state are regularly arranged through hydrogen-bonding and hydrophobic interactions. In their solid states, the remarkable hydrogen bondings of silanediol 2a with pyridine and 2b with water lead to one dimensional columnar tube structures with hydrophilic cores, respectively. Such columnar tubes with hydrophilic cores are regularly packed through hydrophobic interactions of the organic/substituent of the silanediols.
Introduction

1)
Much attention has been paid to the synthesis and characterization of silanepolyols, such as silanetriols and silanediols [1, 2] , which are important intermediates for the preparation of polysiloxanes [1] or metallosiloxanes [3] [4] [5] and as models for studies on the building blocks of silica [6] and heterogeneous silica-supported transition metal catalysts [3] [4] [5] [6] . Generally, geminal dihydroxydisiloxanes formed from the condensation of silanetriols are important model intermediates for studying the frame structures of polysilsesquioxanes [1, 2] . Silanediols, such as 1,1,3,3-tetrahydroxydisiloxanes, containing bulky substituents, such as t-butyl [7] and phenyl groups [8] , were synthesized and studied in the solid state using singlecrystal X-ray diffraction studies.
Recently, we synthesized silanepolyols, such as (triphenylmethyl)silanetriol (1) [9] , and silanediols, bis(alkyldihydroxysilyl)methanes [10] , through the hydrolyses of the corresponding chlorosilanes, and studied their chemistry. In a study on the condensation reactions † To whom all correspondence should be addressed.
(e-mail: bryoo@kist.re.kr) of silanetriol 1, two silanediols, 1-(triphenylmethyl)-1, 1-dihydroxytrimthyldisiloxane (2a) and 1,2-bis(triphenylmethyl) -1,1,3,3-tetrahydroxydisiloxane (2a) , were obtained from the self-condensation of 1 and the reaction of 1 with trimethylchlorosilane, respectively. Such silanediols are important model intermediates for understanding the frame structures of polysiloxanes formed by the thermal polymerization of the silanetriol 1. Herein, we report the hydrogen-bonded structures of the geminal dihydroxydisiloxanes 2a and 2b in the solid state as determined through single-crystal X-ray diffraction studies.
Experimental Section
(Trichloromethyl)trichlorosilane and trimethylchlorosilane were purchased from Gelest, Inc., and used without purification. (Triphenylmethyl)silanetriol (1) was obtained by the hydrolysis [9] of (triphenylmethyl)trichlorosilane, which was formed by the alkylation of (trichloromethyl)trichlorosilane with benzene in the presence of aluminum chloride [11] . In a reaction for the preparation of 1, a single crystal of self-condensed 
X-ray Crystallographic Study
All X-ray data were collected using a Siemens SMART CCD area detector equipped with a graphite-monochromated Mo K radiation (0.71073 Å) source at 0 or -100 o C. Unit cell dimensions were based on 25 well-centered reflections by using a least-squares procedure. During the data collection, three standard reflections monitored after every hour did not reveal any systematic variation in intensity. The structures were solved using SHELXS 97 [12] , followed by successive difference Fourier synthesis. The non-hydrogen atoms were refined anisotropically; hydrogen atoms were placed in calculated positions and refined only for the isotropic thermal factors. All calculations were carried out on a personal computer running SHELXS 97 and SHELXL 97. Crystal parameters and procedural information corresponding to data collection and structure refinement are given in Table 1 .
Results and Discussion
The two geminal dihydroxydisiloxanes 2a and 2b were synthesized from the self-condensation of 1 and the reaction of 1 with chlorotrimethylsilane in the presence of Single crystals of compounds 2a and 2b suitable for X-ray crystallographic determination were obtained from reaction mixtures in acetone and diethyl ether, respectively. The solid state structures of 2a and 2b were determined by X-ray single-crystal diffraction studies at 0 and -100 o C, respectively. Their crystallographic data are summarized in Table 1 . As shown in Table 1 , X-ray single-crystal diffraction indicated that the molecules of compounds 2a and 2b crystallized in the triclinic space group [a = 9.204 Å (α = 87. 10(5) o ), b = 12.496 ( Figure 1 . The selected bond lengths and bond angles of 2a are listed in Table 2 . The bond lengths of the Si-C units were in the range 1,797∼1.929 Å. The bond length (1.929 Å) between the silicon atom Si1 and the carbon atom C00 substituted with three phenyl groups is longer by 0.08 Å than that of the silicon and carbon atom bearing a of methyl group, suggesting that the Si-C bond length depends on steric repulsion between the bulky triphenylmethyl and the silicon atom [9, 10] . The Si-O bond lengths ranged from 1.61 to 1.643 Å [10] . The Si(1)-O(3)-Si(2) bond angle is 157.9 (4) o , which is relatively wide, as observed for 1,3-diphenyldisiloxanediol [8] Figure 2 . The solid structure of [2a⋅pyridine] was disclosed to be a two-dimensional array in head-to-head hydrogen-bonding fashion. In the solid state, the remarkable hydrogen bonding of silanediol 2a with pyridine led to a one-dimensional columnar tube structure. Such columnar tubes formed by hydrogen-bonding are regularly packed through hydrophilic interactions of the organic substituents of 2a. The hydrogen-bonded network structure of 2a and pyridine is depicted in Figure 3 . The bond lengths of the O(1)-O(2) unit between silanediol molecules and of the O(1)-N(1) unit between oxygen atom O(1) of 1 and the nitrogen atom of pyridine are 2.727 and 2.682 Å, respectively. A general feature of silanepolyols is their high tendency to undergo self-organization, especially in the solid state because of intermolecular hydrogen bonding [1] . Two molecules of 2a form a dimer structure through two intermolecular hydrogen bonds (by utilizing two of the -OH groups from each silanediol 2a). One hydroxyl group of each molecule in these dimeric units further interacts with pyridine through O(1)-H---N hydrogen bonding. The periphery of the dimeric unit at 2a is surrounded by hydrophobic groups. The dimeric units pack through hydrophic and hydrophobic interactions to give a columnar-type structure. Such columnar tubes formed by hydrogen/bonding are regularly packed through hydrophilic interactions of organic substituents. A single crystal of 1,3-bis(triphenylmethyl) -1,1,3,3-tetrahydroxydisiloxane (2b) , which formed through the self-condensation of (triphenylmethyl)silanetriol, that was suitable for X-ray crystallographic determination was fortunately obtained from a condensation reaction mixture in diethyl ether. The ORTEP plot of silanediol 2b, determined by an X-ray diffraction analysis, is depicted in Figure 4 . The conformation of compound 2b has triphenylmethyl group on each of the two silicon atoms being located in staggered form for one triphenylsiloxy and two hydroxy groups on the other silicon atom.
Crystallographic data, the selected bond lengths and angles of 2b, are listed in Tables 3 and 4 is 141.13 (7) o , which is much narrower than the angle of 157.9 (4) o for 2a. The packing diagram and hydrogenbonded network structure of 2b and water in the solid state are displayed in Figure 5 . The molecules of 2b are hydrogen/bonded to each other and with water molecules to give columnar tubes with hydrophilic cores. The hydrophobic interactions of the columnar tubes provide a regularly packed structure. The hydrogenbonded network structure of the hydrophilic core is also shown in Figure 5 . One molecule of 2b interacts with two molecules of 2b and two molecules of water through intermolecular hydrogen bonds with two silanediols to give a hydrophilic columnar core surrounded hydrophobic organic substituents. Between two molecules of 2b, two kinds of hydrogen bondings are observed with bond lengths of 2.766 Å for O (5) In conclusion, two silanediols, 2a and 2b, were obtained as single crystals; their solid state structures showed remarkable hydrogen bonding of silanediols 2a and 2b in solid state that led to one-dimensional columnar tube structures with hydrophilic cores. Such columnar tubes with hydrophilic cores are regularly packed through hydrophobic interactions of the organic substituents of the silanediols.
